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In an earlier report on the types of cholinesterases present in the tissues of the rat (Ord & Thompson, 1950) , it was shown that whereas whole brain, striated muscle and suprarenal gland contain only small amounts of a 'non-specific' (Nachmansohn & Rothenberg, 1945) or 'pseudo'-cholinesterase (Mendel & Rudney, 1943 a) , the other tissues which were studied each showed a considerable level of activity of this type of esterase; stomach, liver, lung and salivary gland were found to hydrolyse benzoylcholine and acetyl--methylcholine at approximately equal rates, while heart, intestinal muscle and mucosa, Harderian gland and skin contain predominaintly a pseudo-cholinesterase, benzoylcholine being hydrolysed from two to six times more rapidly than acetyl-p-methylcholine.
Although no evidence could at that time be brought forward as to the physiological significance of this widely distributed pseudo-cholinesterase, it was decided to extend this study to human tissues, and because of the interest attaching to the high level of overall cholinesterase activity in the central nervous system, a start was made with human brain.
Although little work has been done on human brain in this respect, the brains of a number of other mammalian species have received attention. Nachmansohn (1939) demonstrated the varying ability of different areas of dog, ox, rabbit and human brain to hydrolyse acetylcholine and showed that the white matter of the central nervous system was less active than the grey. Birkhauser (1940) also reported on the acetylcholine-hydrolysing activity of human brain. Turning to the different types of cholinesterase, Mendel & Rudney (1943b) , using 'specific' substrates for 'true' and pseudo-cholinesterases (Mendel, Mundell & Rudney, 1943) , stated that the brains ofa number ofvertebrate species contained only the true cholinesterase and no pseudocholinesterase (see alsoNachmansohn & Rothenberg, 1944) . Little (1948) , working with preparations derived from whole mouse brain, also failed to demonstrate any significant amount of pseudocholinesterase. Contrary to the earlier views on the specificity of brain cholinesterase, Augustinsson (1948) reported that extracts of dog and elephant brain and also of the caudate nucleus of the bear split benzoylcholine, although at a very low rate. Zeller (1949) also found both types of esterase present in elephant brain, and in homogenates of whole rat brain Ord & Thompson (1950) demonstrated a measurable rate of hydrolysis of benzoylcholine, although amounting to only about 6 % of the rate of hydrolysis of acetylcholine. In a detailed study of the dog's brain Burgen & Chipman (1951) have recently shown that benzoylcholine is hydrolysed at a relatively rapid rate by certain areas. Both types of cholinesterase had earlier been found to be present in peripheral nerve (Boell, 1945; Sawyer, 1946) .
In view of our earlier findings, and since the different types of cholinesterase do not appear to have been studied in human brain, we decided to investigate the substrate specificity of the cholinesterases in this human tissue, and to attempt to characterize the enzymes further by summation studies and by a study of the sensitivity of the hydrolysis of different esters to inhibition by eserine, dii8opropyl fluorophosphonate and the selective inhibitor Nu 1250 (see below) introduced by Hawkins & Mendel (1949) . We have also extended some of these findings to rat, rabbit, guinea pig, cat and dog brains. EXPERIMENTAL Estimation of e8terase activity. This was carried out manometrically at 380 and at pH 7*4, using the Warburg apparatus. All measurements were made in duplicate, and were corrected for non-enzymic hydrolysis of the substrate.
Esterase activity is expressed as pl. C02/g. wet wt. of tissue/hr. Pre,paration of tissues. Human tissues were removed from cadavers as soon as possible after death; it was later found that storage of human nervous tissue at 0-4' for 3-5 days did not cause any significant loss of esterase activity.
The parts of the brain to be studied were dissected out, mopped free from adherent blood with ifiter paper, washed with 0 9 % (w/v) saline, weighed and homogenized in 0025m-NaHCO3. In agreement with the work of Nachmansohn (1939) and others, the rate of hydrolysis of acetylcholine varies widely according to the region studied, being high in the basal ganglia and other areas rich in synapses, but low in those parts consisting mostly of tracts of fibres.
When the activity towards acetyl-p-methylcholine is considered, it will be seen that those regions which are most active towards acetylcholine and which are rich in synapses (basal ganglia and grey matter) have also a high activity towards MCh, confirming the previous classification of brain cholinesterase as being mainly of the specific or 'true' type.
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In all the regions studied, however, a measurable rate of hydrolysis of BCh was present. Here also variations in rate were found between preparations from different areas though the differences were smaller in degree than with either ACh or MCh. In regions rich in synapses, the activity towards BCh tended to follow the activity towards MCh, although it was in every case very much lower than the MCh the rates of hydrolysis of non-choline esters by different regions of the brain with their cholinesterase contents (Table 2 ). The activity towards tributyrin was fairly constant in the areas of high synaptic density which were examined, but was much lower in the subcortical white matter. From a comparison with the results given in Table 1 the levels of TB hydrolysis do not appear to be related A number of experiments have also been carried out with tributyrin as substrate in order to compare either to the activity towards MCh or towards BCh or BuCh. The independence of the enzymes hydrolysing these choline and non-choline esters is confirmed both by summation experiments (Table 3) and by the use of eserine as a differential inhibitor, 10-6M-eserine sulphate producing 80-97 % inhibition of the hydrolysis of the choline esters, and only 2-22% inhibition of the hydrolysis of TB (Table 4) .
These results suggest that the white matter of the human cerebrum contains very much more pseudocholinesterase than the grey matter, although its tributyrinase content is lower. It was decided therefore to study the brains of other mammalian species to determine whether this predominant distribution of pseudo-cholinesterase in the white matter applies also to other species. Results obtained with preparations from the grey matter of the cerebral cortex and the subcortical white matter from five species are shown in Table 5 ; results obtained with human brain are included for comparison.
It will be seen that in all the species studied the rate of hydrolysis of BuCh by subcortical white matter was greater than that of MCh, and in every species except the dog BuCh was hydrolysed more rapidly by subcortical white matter than by the grey matter of the cerebral cortex. always showed considerable true cholinesterase activity, a preparation from human subcortical white matter was partially purified by centrifugation of a water homogenate, the greater part of the true cholinesterase being discarded in the centrifuged supernatant (Ord & Thompson, 1951) . Table 6 gives a comparison of the relative rates of The relative rates of hydrolysis of ACh, BCh and BuCh agree well with those found for the purified plasma enzyme, although the unpurified brain preparation naturally hydrolyses MCh and TB very much more rapidly. The similarity between the BCh-hydrolysing enzyme in white matter and the plasma pseudo-cholinesterase is further borne out when the concentrations of DFP required to inhibit the enzyme in these two sources are compared (Table 7 ). This table also shows that the sensitivity (Table 6) , butyrylcholine is hydrolysed most rapidly suggests that this enzyme in human subcortical white matter may be of the butyro-cholinesterase type (Sturge & Whittaker, 1950) , very similar in those of its properties which have been examined to the pseudo-cholinesterase in plasma. In the white matter of rat brain the MCh/BuCh ratio was significantly higher than that obtained for the other species studied (Table 5 ). Since we had earlier (Ord & Thompson, 1951) found that the purified pseudocholinesterase in rat heart is a 'propiono-cholinestera-se', hydrolysing PrCh almost twice as rapidly as BuCh, we tested a rat-brain preparation (white matter) with PrCh; we found that the PrCh/BuCh ratio was 3-2, indicating that the predominant cholinesterase in this rat tissue may also be of the propiono-cholinesterase type rather than the butyro-cholinesterase type present in the other species.
Quantitative aspects of the di8tribution of cholinesterases in human brain Since the different regions of the brain which we have studied all show activity towards both BCh and MCh, any quantitative consideration of the relative amounts of pseudo-cholinesterase in the different areas is complicated by the fact that the level of the true cholinesterase varies so very widely in different regions. It is for this reason that detailed consideration has so far been restricted to the grey and white matter of the cerebrum, in each of which areas the overall activity towards ACh is of the same order. It will have been noticed, however (Table 1) , that the levels of hydrolysis of BCh and BuCh are very high indeed in the basal ganglia, cerebellum and thalamus. Moreover, in these regions the activity towards these substrates tends to parallel that towards MCh. Preparations from the caudate nucleus of the rabbit and the rat were also studied, and in these species also a high level of true cholinesterase was found to be associated with a high rate of BuCh hydrolysis.
These facts suggested that the very large amount of true cholinesterase in these areas might be contributing to the hydrolysis of BCh and BuCh. Adams (1949) has reported that the purified true cholinesterase from human erythrocytes hydrolyses BuCh and BCh at 5 and 15 % respectively of the rate at which it hydrolyses MCh. If this also applies to the true cholinesterase in brain it would indicate that a considerable contribution to the high rate of hydrolysis of BuCh by these areas would be due to the splitting of this substrate by the very high concentration of true cholinesterase present.
Experiments were therefore carried out with the selective inhibitors DFP andNu 1250 to compare the sensitivity of BuCh hydrolysis to these compounds in a region poor in true cholinesterase (subcortical white matter) with regions very rich in this enzyme (lentiform and caudate nuclei a results of these experiments are It will be seen that the hyd subcortical white matter is in: respectively by these concentr Nu 1250, indicating that in thisI is almost entirely brought ab sensitive to DFP but insensiti a pseudo-cholinesterase. In th true cholinesterase, however,: only partially inhibited (36-51 a parts. However, a comparison nd cerebellum). The matter of the human cerebrum, areas having ACh-) given in Table 8 . hydrolysing activities of the same order, shows that Irolysis of BuCh by the subcortical white matter has very much greater hibited 96 and 8% pseudo-cholinesterase activity than the grey; the ations of DFP and extremely low level of true cholinesterase activity in region the hydrolysis this region indicates that it is not playing any out by an esterase significant part in the BuCh hydrolysis. In each of ive to Nu 1250, i.e. the other species studied, the level of pseudoe areas very rich in cholinesterase is also considerably greater than that BuCh hydrolysis is of the true cholinesterase in the white matter, and in /0) by either of these every species except the dog it is also present in much larger amounts in the subcortical white brain choline8tera8e8 matter than in the cortical grey. The high level of 1250 this enzyme in the white matter of the cerebrum ibition ( lysing activity. 9
These findings naturally raise the question of the 49 function of this pseudo-cholinesterase, particularly in the white, myelinated areas of the central nervous ncentrations of the system. One possibility is that it may be connected ised are sufficient to with processes occurring in the myelin sheaths or the n of the pseudo-and neuroglial elements of the nervous system rather vely, these results than directly with the conducting properties of the BuCh hydrolysis is axis cylinders. Support is given to this suggestion icant degree by both by the findings of Sawyer (1946) , who reported that Its rate of hydrolysis Wallerian degeneration of guinea pig peripheral lid assessment ofthe nerves, with complete disintegration of the axis ;e present.
cylinders, is not associated with any loss of pseudocholinesterase activity in the affected nerves, even N though the true cholinesterase falls by about 60 %.
In this connexion it may be of interest to record adicate that all the some preliminary observations which we have made have been studied with tri-o-cresyl phosphate (Earl & Thompson, te cholinesterase, an 1952) . This substance was shown by Smith & Lillie BCh and BuCh but (1931) to produce areas of demyelination both in the specificity and from spinal cord and in peripheral nerves. Bloch in 1941 ,tion by eserine and had demonstrated in vitro its anti-cholinesterase e is distinct from the properties. Despite this latter finding, injection of a these preparations, the compound into animals does not, in most of the al with, the pseudo-species studied, give rise to any signs of acetyln plasma.
choline accumulation. Tri-o-cresyl phosphate is, yme in the different however, only very slightly soluble in water, teresting points. The although it is freelylipoid-soluble, and together with is is high in the lenti-Dr C. J. Earl we have shown that it is a highly ,cerebellum and the selective inhibitor for the pseudo-cholinesterase in bbove, it would seem human brain and plasma; in vitro we have found that is activity is due to concentrations of 1-4 x 10-4M cause 60-90 % inhibirelatively enormous tion of the pseudo-cholinesterase in human cererase present in these brum, but only 0-7 % inhibition of the true cholinDf the grey and white esterase in this site or in human erythrocytes. It 250 T952-Vol. 5I must be stressed that these latter findings are of a preliminary nature and are as yet unsupported by any in vivo work, so that although we have evidence of an association of pseudo-cholinesterase activity with the white fibre tracts of the central nervous system we are at present unable to reach any conclusions as to its physiological function in these areas.
SUMMARY
1. The relative rates of hydrolysis of a number of different choline esters by preparations from different areas of human and other mammalian brains have been determined.
2. In all the areas studied, a measurable degree of hydrolysis of benzoylcholine and butyrylcholine was observed. 3. The benzoylcholine-hydrolysing enzyme present in human nervous tisue appears to be a 'butyro-cholinesterase' closely resembling the pseudo-cholinesterase present in human plasma.
4. The white fibre tracts of the human cerebrum were found to contain significantly more of this pseudo-cholinesterase than the grey matter.
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